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(57) ABSTRACT

Cooling systems 1nclude a first passageway forming member
that includes first and second ends and at least one connecting
recess that opens into first and second passageways formed by
the first passageway forming member. A second passageway
forming member includes first and second ends and 1nlet and
outlet ports proximate the first end such that the first end,
including an elastomeric seal and the ilet and outlet ports, 1s
sealably insertable in and removable from the at least one
connecting recess, where the inlet port opens into the first
passageway and the outlet port opens 1nto the second passage-
way, and where, when the first end 1s mserted 1n the at least
one connecting recess, the elastomeric seal 1s sandwiched
between and 1n substantial contact with both the first end and
the first passageway forming member.
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1
MODULAR LIQUID COOLING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 11/854,818, filed Sep. 13, 2007 now U.S. Pat.
No. 8,081,462, and entitled “Modular Liquid Cooling Sys-

tem,” which 1s hereby incorporated by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

Not Applicable.

TECHNICAL FIELD

The field of the mvention 1s liquid cooling systems and
methods for cooling electrical components forming electrical
control equipment.

BACKGROUND

Electronics and electrical components generate heat when
they operate. In at least some applications heat generated by
clectrical components can cause damage to those components
if the heat becomes excessive. Component heating problems
are exacerbated when electronic components are operated 1n
extremely hot environments and/or when the components
need to be enclosed (e.g., 1n a sealed compartment) during,
operation. For instance, 1n military vehicles that operate 1n
desert conditions, ambient temperatures 1 excess of 100
degrees are typical and components often have to be enclosed
to protect the components from dust, sand and other airborne
debris.

To deal with electronics heating problems, the electronics
industry has developed various types of electronics cooling
systems including, among others, liquid cooling systems.
Typical liquid cooling systems include mechanical tubing or
pipe configurations that form channels for directing cooling
liquid along paths adjacent heat generating components. Heat
from components 1s dissipated 1nto the cooling liquid and 1s
carried away from the components that generate the heat.

While liquid cooling systems have worked well 1n many
applications, unfortunately the costs associated with manu-
facturing the mechanical liquid channeling configurations 1n
both materials and labor has been excessive for many appli-

cations. To this end, see FIGS. 10 and 11 1n U.S. Pat. No.
7,129,808 which 1ssued on Oct. 31, 2006 and that 1s titled
“Core Cooling For Electrical Components” which 1llustrates
a complex circuitous copper tubing arrangement for deliver-
ing cooling liquid to components to be cooled where the
arrangement includes a large number of components and
requires a large amount of skilled labor to assemble.

What 1s needed 1s a method and apparatus for configuring
liquid cooling systems for electronic and other heat generat-
ing components that includes components that are simple to
manufacture and that are easy and quick to connect so that
mimmal skill and time 1s required to configure cooling assem-
blies. It would be advantageous 11 such components were able
to be used to configure many different cooling assemblies.

SUMMARY OF THE INVENTION

The invention relates to a liquid cooling system for cooling,
various electrical components or modules using a liquid cool-
ant. The cooling system includes modular components such
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as split-tlow tubes, split flow manifolds, and single flow mani-
tolds, which are connected together using simply constructed
connection pieces and O-rings. The modular nature of these
components and the connection pieces allows for the easy
assembly and disassembly of these components, and allows
for various configurations to be easily constructed to cool
different types and numbers of electrical components or mod-
ules. In at least some embodiments the manifolds are formed
using an extrusion process followed by a machining process
to form mounting surfaces, threaded bolt receiving apertures
and liquid tlow ports which operate as 1nlet or outlet ports. In
at least some embodiments, metallic insert plugs are secured
within manifold passageways to close those passageways oif
at distal ends. The cooling system optimizes the coolant flow
path and therefore the power flow, and can accommodate high
pressure liquid coolants.

The manifold designs contemplated here allow the cooling
system to be manufactured separately from the electrical
components and then assembled with the electrical compo-
nents. Further, this modular cooling system lowers the losses
due to heat, reduces internal enclosure temperature, can cause
conditions that enable smaller electronic and other compo-
nents to be used to achieve the same operational output, and
allows for lower temperature rated components to be used.
Other advantages include a reduction in the heat load of
internal devices, the use of smaller components such as
inductors due to increased allowable flux density, smaller
cores and smaller coil wire size. The cooling system can result
in smaller systems, which reduces shipping weight, required
package structural strength, and material mass. All of these
tactors translate to decreased cost.

Consistent with the above, at least some 1nventive embodi-
ments include a kit of components for configuring electronics
cooling configurations, the kit comprising a plurality of pas-
sageway forming members, each forming member including
an extruded member having first and second ends and form-
ing at least one passageway and at least one of an 1nput port
and an output port that opens into the passageway, each form-
ing member also including at least one plug msert secured to
the second end of the forming member to block the at least
one passageway, a plurality of elastomeric seals, a plurality of
mechanical fasteners, wherein forming members can be
arranged adjacent each other with ports aligned and the fas-
teners can be used to mechanically fasten the forming mem-
bers together with seals there between to form various cooling
configurations.

In some cases at least a first of the forming members
includes first and second passageways. In some cases the first
forming member includes an inlet into the first passageway
and an outlet that opens into the second passageway and
wherein the first and second passageways are completely
separate. In some cases the inlet and outlet into the first and
second passageways, respectively, open to the same side of
the first and second passageways. In some cases the first and
second passageways are substantially parallel.

In some cases the first forming member includes first and
second plug inserts at the first and second ends for blocking
passageways. In some cases at least a second of the forming
members includes first and second passageways, a bridge
passageway adjacent the second end that links the first and
second passageways and an inlet into the first passageway and
an outlet into the second passageway where the inlet and
outlet are both proximate the first end of the forming member.
In some cases the 1nlet and outlet that open into the first and
second passageways formed by the second forming member
open 1n opposite directions. In some cases the first forming
member includes at least one connecting recess that opens
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into the first and second passageways formed by the first
forming member wherein, when the first end of the second
forming member 1s received in the connecting recess, the inlet
and outlet of the second forming member open 1nto the first
and second passageways formed by the first forming member.

In some cases the first forming member includes a plurality
of connecting recesses that open into the first and second
passageways formed by the first forming member wherein
cach of the connecting recesses can receive a first end of a
second forming member so that the inlet and outlet of the
received second forming member opens into the first and
second passageways formed by the first forming member. In
some cases the first forming member includes first and second
oppositely facing surfaces and wherein the inlet and outlet are
formed 1n the first surface and the connecting recess 1s formed
in the second surface.

In some cases at least a subset of the forming members
form a single passageway and include both an inlet and an
outlet that open 1nto the single passageway. In some cases the
passageways are formed along lengths of the forming mem-
bers and wherein each of the forming members includes at
least one of an i1nlet and an outlet that opens through a side
wall portion of the forming member 1nto at least one of the
passageways. In some cases at least a subset of the forming
members include external surfaces that form O-ring recerving,
cannels for receiving elastomeric seals when two forming
members are secured together.

In some cases at least a subset of the forming members are
substantially rectilinear 1n cross section. In some cases at least
one of the forming members includes first and second pas-
sageways, a bridge passageway adjacent the second end that
links the first and second passageways and an inlet into the
first passageway and an outlet mto the second passageway
where the mlet and outlet are both proximate the first end of
the forming member.

In some cases the kit 1s for use in cooling at least one
clectrical component, the electrical component including a
coil having a plurality of turns disposed over at least one of the
passageway forming members.

Other embodiments include a method of configuring a
cooling assembly, the method comprising the steps of extrud-
ing a first manifold member that forms at least one manifold
passageway that 1s defined at least 1n part by a first manifold
wall member where the first manifold wall member forms a
first external surface, extruding a second manifold member
that forms at least one passageway that 1s defined at least in
part by a second manifold wall member where the second
manifold wall member forms a second external surface, form-
ing a first port in the first manifold wall member that opens
into the passageway formed by the first manifold, forming a
second port in the second manifold wall member that opens
into the passageway formed by the second manifold, provid-
ing an elastomeric seal on the first external surface that sur-
rounds the first opening and securing the second manifold
member to the first manifold member with the first and second
openings aligned and the seal sandwiched between the first
and second external surfaces.

Some methods further include the step of forming a circu-
lar recess 1n the first external surface and wherein the step of
providing an elastomeric seal includes placing the elasto-
meric O-ring 1n the circular recess. In some cases the pas-
sageway formed by the first manifold includes first and sec-
ond ends and wherein the method further includes the step of
securing a plug insert into at least the first end of the passage-
way to close the passageway formed by the first manifold. In
some cases the step of extruding a second manifold includes
extruding a second manifold that forms first and second mani-
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fold passageways and wherein the step of forming a second
port includes forming the second port so that the second port
only opens into the first passageway formed by the second
manifold.

Some methods further include the step of forming a third
port in the second manifold where the third port opens into the
second passageway formed by the second manifold. In some
cases the third port also opens into the {first passageway
formed by the second manifold.

Still other embodiments 1nclude a method of forming a
split flow tube comprising the steps of extruding a tube mem-
ber that includes first and second passageways separated by
an internal wall member where the tube member includes first
and second ends, plugging the first and second passageways
proximate the first end, removing a portion of the internal wall
member proximate the second end of the tube member, plug-
ging the second end of the tube member with a plug nsert
where the plug insert 1s dimensioned so that a bridge passage-
way 1s formed between the insert and an adjacent edge of the
internal wall member and forming 1nlet and outlet ports 1n the
tube proximate the first end where the inlet port opens into the
first passageway and the outlet port opens into the second
passageway.

In some cases the step of extruding a tube member includes
extruding a tube member that has a substantially D-shaped
cross section. Some methods further include the step of, prior
to forming the inlet and outlet ports, removing a portion of the
tube adjacent the first end to form a cylindrical connection
head portion through which the first and second passageways
pass, the step of forming the inlet and outlet ports including
forming the ports 1n the head portion. Some methods further
include the step of forming an annular recess for receiving an
O-ring 1n the head portion on a side of the ports opposite the
first end of the tube.

Still other embodiments include a modular cooling system.
The system comprises at least a first passageway forming
member and a second passageway forming member, each of
the first and second passageway forming members having
first and second ends and forming at least one passageway and
at least one of an mnput port and an output port that opens into
the passageway. The second passageway forming member
includes first and second passageways, a bridge passageway
adjacent the second end of the second passageway forming
member that links the first and second passageways and an
inlet 1into the first passageway and an outlet 1into the second
passageway, where the mlet and outlet are both proximate the
first end of the second forming member. The first passageway
forming member 1ncludes at least one connecting recess that
opens into the first and second passageways formed by the
first passageway forming member, the first end of the second
passageway forming member being receivable in the con-
necting recess, such that the inlet and outlet of the second
passageway forming member open into the at least one pas-
sageway formed by the first forming member when the first
end of the second passageway forming member 1s received 1n
the connecting recess.

Yet other embodiments include a modular liquid cooling
system. The system comprises an extruded tube member, the
tube member forming first and second passageways and an
internal wall member, the internal wall member separating
the first and second passageways, where the tube member
includes first and second ends. An elastomeric seal 1s included
that 1s proximate to and surrounds the first end. A plug insert
1s included at the second end of the tube member, where the
plug insert 1s dimensioned so that a bridge passageway 1s
formed between the plug insert and an adjacent edge of the
internal wall member. Inlet and outlet ports are included in the
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tube member proximate the first end such that the first end,
including the elastomeric seal and the inlet and outlet ports, 1s

sealably insertable 1n and removable from a respective port in
a passageway forming member, where the inlet port opens
into the first passageway and the outlet port opens 1nto the
second passageway, and where, when the first end 1s inserted
in the port in the passageway forming member, the elasto-
meric seal 1s sandwiched between and 1n substantial contact
with both the first end and the passageway forming member.

Yet other embodiments include a cooling system. The sys-
tem comprises a first passageway forming member including,
first and second ends and at least one connecting recess that
opens 1nto first and second passageways formed by the first
passageway forming member, and a second passageway
forming member that includes first and second ends and 1nlet
and outlet ports proximate the first end such that the first end,
including an elastomeric seal and the mlet and outlet ports, 1s
sealably insertable in and removable from the at least one
connecting recess, where the inlet port opens into the first
passageway and the outlet port opens 1nto the second passage-
way, and where, when the first end 1s inserted 1n the at least
one connecting recess, the elastomeric seal 1s sandwiched
between and 1n substantial contact with both the first end and
the first passageway forming member.

These and other objects and advantages of the invention
will be apparent from the description that follows and from
the drawings which illustrate embodiments of the mvention,
and which are incorporated herein by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of an exemplary cooling sys-
tem constructed using components that are consistent with at
least some aspects of the present invention;

FI1G. 2 1s similar to FIG. 1, albeit from a different vantage
point;

FI1G. 3 1s a cross-sectional view taken along the line 3-3 in
FIG. 8 showing internal passageways of an exemplary bobbin
end piece;

FIG. 4a 1s a bottom plan view of the split flow manifold
shown 1n FIG. 1, FIG. 45 1s an end plan view of the manifold
shown 1n FIG. 4a FIG. 4c¢ 1s a top plan view of the manifold
of FIG. 4a, FIG. 4d 1s a cross-sectional view taken along the
line 4d-4d of F1G. 4a, FIG. 4e 15 a cross-sectional view taken
along the line 4e-de in FIG. 4d, albeit where a passageway
closing insert has been installed, and FIG. 4f 1s a cross-
sectional view taken along the line 4/-4f of FI1G. 4c¢;

FIG. 3a 1s a top plan view of one of the single flow mani-
tolds shown 1n FIG. 1, FIG. 55 1s a bottom plan view of the
manifold of FIG. 5a, FIG. 5¢ 1s a cross-sectional view taken
along the line 5¢-5¢ 1 FIG. 5b, 54 1s an end view of the
manifold in FIG. 5a and FIG. Se1s an enlarged cross-sectional
view showing an insert installed to block the passageway
formed by the manifold shown 1n FIG. 5a;

FIG. 6a 1s a side plan view of one of the single flow
manifolds ShOWIl in FIG. 1, FIG. 65 1s a top plan view of the
manifold i FIG. 6a, FIG. 6c¢ 1s an end plan view of the
manifold 1n FIG. 6a and FI1G. 64 1s an enlarged partial cross-
sectional view with an insert installed 1n a passageway
formed by the manifold of FIG. 6a to block the passageway:;

FIG. 7a 1s a front plan view of the manifold link shown in
FIG. 1, FIG. 7b 1s a rear plan view of the manifold of FIG. 7a
and FIG. 7¢ 1s a cross-sectional view taken along the line
7c-T7Tc of FIG. 7a;

FIG. 8 1s a perspective view showing a plurality of bobbin
assemblies and split flow manifolds that are consistent with at

least some aspects of the present invention;
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FIG. 9 1s an enlarged perspective view of one of the con-
nection portions of one of the bobbin end pieces shown in
FIG. 8;

FIG. 10 1s a view similar to FIG. 8, albeit where split tlow
manifolds have been connected to the bobbin assemblies;

FIG. 11 1s similar to FI1G. 10, albeit where two single tlow
manifolds have been connected to the split flow manifold
shown 1n FIG. 10;

FIG. 12 1s a partially exploded view showing two power
modules and two single flow manifolds that are consistent
with at least some embodiments of the present invention; and

FIG. 13a 1s a perspective view of an inductor assembly and
cooling assembly that 1s consistent with at least some aspects
of the present invention, FI1G. 135 1s an exploded view of the
assemblies of FIG. 134 and FIG. 13¢ 1s a partially exploded
view ol a subset of the components of FIG. 13a showing, in
particular, an exploded bobbin assembly separated from an
associated coil.

DETAILED DESCRIPTION

Referring now to the drawings wherein like reference
numeral correspond to similar elements throughout the sev-
eral views and, more specifically, referring to FIGS. 1-12, the
construction of and components of one embodiment of a
cooling system 10 that 1s consistent with at least some aspects
of the present invention for cooling one or more electrical
components, such as an inductor assembly (not shown 1n
FIGS. 1-12) and IGBT modules 25 1s illustrated. Second,
exemplary inductor/cooling system 11 consistent with at least
some 1nventive aspects 1s shown 1 FIGS. 13q through 13c¢
and will be described 1n greater detail below.

In FIGS. 1 and 2, cooling system 10 includes components
for directing flow of a liquid coolant, such as closed end split
flow tubes 12a, 1256, 12¢, etc., that together with separator
plates 102 and 104, form inductor bobbins 100, split flow
mamifolds 14a, 14b, 14¢ and 144, and single flow manifolds
16a, 165, 16c and 164 which operate as source or return
mamfolds. Here, the manifolds and tubes are collectively
referred to as passageway forming members. As further
explained below, the tubes and manifolds (1.e., passage form-
ing members) are modular 1n nature and can be connected
together 1n various ways to achieve both serial and parallel
flow of liquid coolant to provide cooling to electrical compo-
nents.

In at least some embodiments, manifolds 14a-144 and
16a-16d, are constructed as extruded pieces with additional
ports and other features (e.g., mounting surfaces, fastening
apertures, etc.) being machined therein. Similarly, split flow
tubes 12a, 1256, 12¢, etc., that form bobbin end pieces for
inductor windings (not shown 1n FIGS. 1-12) are formed via
an extrusion process followed by machining to form func-
tional features imncluding a connection head portion 26 that
has inlet or input and outlet or output ports 32 and 34, respec-
tively. Cooling system 10 also includes plugs 18 (see FIGS. 3,
de, Se, etc.) and O-rings 22 (see FIG. 3) to facilitate hermeti-
cally sealed connectivity, and bolts for fastening system com-
ponents together.

Referring to FIGS. 1, 8 and 9, an inductor bobbin 100
around which an inductor coil 38 (see FIGS. 13a and 135)
may be wound in at least some nventive embodiments
includes two split tlow tubes 12a and 1256 and two separator
plates 102 and 104 that are secured via screws to the bobbin
end pieces to, as the label implies, space apart the two bobbins
to form a core receving space 106. End pieces 12a and 125
are similarly constructed and operate 1n a similar fashion and
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therefore, 1n the interest of simplifying this explanation, only
piece 12a will be described here 1n detail.

Referring to FIGS. 13c and 3, end piece 12a has a generally
D-shaped cross-section along most of its length and forms
first and second parallel passageways 108 and 110 along 1ts
length dimension and a connection head portion 26 at a top or
first end. Piece or tube 124 1s formed by first extruding a two
passageway member having a uniform D-shaped cross-sec-
tion and then machining off the portion of the extruded mem-
ber at the head portion end to form head portion 26. Head
portion 26 1s generally cylindrically shaped and forms an
O-ring recess around a neck portion for recerving an elasto-
meric O-ring 22. Input/inlet and output/outlet ports 32 and 34,
respectively, are machined into opposite sides of connection
head portion 26 where port 32 opens into first passageway
108 and port 34 opens 1nto second passageway 110.

At the end of tube 12a opposite head portion 26 the wall
112 that separates passageways 108 and 110 1s machined off
and a metallic plug insert 18 1s laser welded in the passageway
to close off that end of the tube. Here, the insert 18 stops short
ol the passageway separating wall so that a bridging passage-
way 114 1s formed between passageways 108 and 110.

At the head portion end of tube 124 wall 112 1s machined
off and an elastomeric gasket 24 is frictionally recerved
within the resulting passageway end to close off that end.
Once 1nstalled a surface of a passageway formed by a mani-
told 1s pressed against the top surface of gasket 24 to hold the
gasket 24 1n place.

Thus, the inflow portion and the outflow portion of split
flow tube 12a together form a continuous U-shaped tube
passageway through which liquid coolant may flow. The con-
nection head portion 26 of the split flow tube 12 1s configured
to be 1nsertable 1n and removable from a respective connect-
ing portion formed as a recess 44 of a respective split flow
manifold, with O-ring 22 and gasket 24 providing a fluid tight
connection between the connected components.

Referring again to FIGS. 1 and 2, each of split flow mani-
tolds 14a-14d 1s similarly constructed and operates 1n a simi-
lar fashion and therefore only manifold 14a will be described
here 1n detail 1n the interest of simplifying this explanation.
Referring to FIGS. 4a-4f, manifold 14a 1s generally rectan-
gular 1n cross-section and forms first and second parallel
passageways 46 and 48 along 1ts length. As 1n the case of split
flow tube 12a described above, manifold 144 1s formed via an
extrusion process to form the rectilinear cross-section and
parallel passageways 46, 48. Thereatter, inlet and outlet ports
and threaded mounting apertures are formed via a machining
process. In the illustrated embodiment an inlet port 52 1s
formed 1n a top surface or manifold wall member of manifold
14a where port 52 opens 1nto passageway 46 and an outlet
port 56 1s formed 1n the top surface that opens 1nto passage-
way 48. Circular O-ring receiving recesses 38 are formed
around each of the mlet and outlet ports 52 and 56 on the top
surface. In addition, three outlet/inlet ports or connecting
recesses collectively identified by numeral 44 are formed in a
bottom surface of manifold 14a opposite the top surface
where each of the outlet/inlet ports 44 opens into both pas-
sageways 46 and 48 (see also FIG. 8). Each port 44 includes
a flat end surface 57 (see FI1G. 44d).

Outlet/inlet ports 44 are formed to recerve connection head
portions 26 (see again FIGS. 3 and 9) of the split flow tubes/
bobbin end pieces. To this end, ports 44 are formed so that
when a head portion 26 1s recerved therein, a top surface of
gasket 24 contacts end surface 57 (see F1G. 9d) of the receiv-
ing port 44 to seal portion 26 to the end surface 57 and so that
the O-ring 22 (see FIG. 2) 1s sandwiched between the head

portion 26 and a facing surface of the port 44. When properly
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positioned, port 32 opens into manifold passageway 46 and
port 34 opens 1nto manifold passageway 48 so that a continu-
ous and sealed tlow path 1s formed from passageway 46 1n
manifold 14a through port 32 into first tube passageway 108,
through tube bridging passageway 114 to second tube pas-
sageway 110, through tube port 34 into manifold passageway
48 to manifold outlet port 56.

Referring to FIG. 4e, metallic plug inserts 18 are provided
at opposite ends of the passageways 46 and 48 to close off
cach of these passageways. Here, each insert 18 1s dimen-
sioned so that an internal surface thereof abuts an adjacent
end of a dividing wall member 59 that separates the passage-
ways 46 and 48. Inserts 18 are laser welded 1n place.

Bolts or other mechanical fasteners can be used to secure
mamnifold 14 to bobbin end pieces 12a, 125, etc. Exemplary
bolts 150 are shown in the FIG. 135 configuration.

Referring now to FIGS. 5a through 5e, exemplary single
flow manifold 16¢ has a generally square cross-section and
forms a single passageway 63 along its length dimension.
Manifold 16¢ can be formed by an extrusion process that
forms the square cross-section and single passageway 63.
After extrusion, outlet/inlet ports and fastening apertures are
machined into manifold 16¢. To this end, as seen 1n FIGS. 554
and 5¢, 1n the illustrated embodiment, four outlets collec-
tively 1dentified by numeral 64 are formed in one of the
manifold 16c wall members that open into passageway 63 and
apertures (see FIGS. 34 and 5b) and threaded apertures (see
FIG. 5d) are formed 1n manifold 16¢ for connecting cooling
system components together. Referring to FIG. 5e, a metallic
plug insert 18 1s laser welded into one end of passageway
while an opposite inlet end 62 remains open. Manifold 164 1s
similar to manifold 16c.

Referring to FIG. 11, manifold 16¢ operates as a source
mamifold and manifold 164 operates as a return manifold. To
this end, liquid coolant flows into 1nlet end port 62 (see also
FIG. 10c¢) of single tlow source manifold 16c¢ to be distributed
to 1nlet ports 52 (see FIG. 9¢) of the plurality of split tlow
manifolds 14a-14d, flows through these split flow manifolds
14a-14d and split flow tubes 124, 125, 12¢, etc., as described
above, then tlows out of outlet ports 56 (see again FIG. 4¢) of
the split flow manifolds 14a-14d to bottom ports 64 of single
flow return manifold 164 and out of the end port 62 thereof
(see also the flow path arrow 154 1n FIGS. 1 and 2).

Referring to FIGS. 1, 2 and 6a-64d, manifold 164 1s gener-
ally rectilinear 1n cross-section and forms a single passage-
way 80 along 1ts entire length. Manifold 16q 1s formed via an
extrusion process that forms the rectilinear cross-section and
passageway 80. After extrusion, ports and mounting apertures
as well as recessed mounting surfaces are machines into
manifold 16a. In this regard, as seen 1n FIGS. 6a and 65,
recessed module mounting surfaces 140 and 142 are formed
in manifold 16a that are dimensioned to, as the label implies,
receive portions of modules 25 for mounting purposes. First
and second outlet/inlet ports 84 are formed 1n surfaces 140
and 142 that open into passageway 80 (see F1G. 11a). Ports 84
are dimensioned and configured to recerve connection head
structure 75 of modules 25 (see FIG. 12). A plug mnsert 18 1s
laser welded 1nto a closed end of passageway 80 (see FIG.
11d). Modules 25 can be screwed to or otherwise mechani-
cally fastened to manifolds 164 and 165 so that structure 75 1s
received i ports 84. Manifold 165 1s similar to manifold 16a.

As shown 1n FIGS. 1 and 2, a connector or manifold link 27
can connect single flow mamifold 165 to single flow mamiold
16¢ at their open end ports. Referring also to FIGS. 7a
through 7¢, exemplary link 27 includes an extruded elongated
member that 1s substantially rectilinear 1n cross-section and
that forms a single passageway 90 (see FIG. 12¢) that extends
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along the length thereof. After extrusion, mounting holes,
ports and O-ring recerving channels are machined 1nto link
277. The ports include an inlet port 92 and an outlet port 94
where O-ring recesses 96 and 98 are formed 1n an external
link surface surrounding ports 92 and 94, respectively. Plug
inserts (one shown as 18) may be laser welded at opposite
ends of link 27 to close off ends of passageway 90.

Referring to FIG. 12, other electrical components 1n the
form of one or more IGB'T modules 25 through which liquid
coolant can flow are shown. Each IGB'T module 25 includes
internal passageways (not shown) with an input port 72 and an
output port 74, both formed 1n connecting head structure 75.
The connecting head structure 75 includes a cylindrical
extension member and an O-ring mounted thereto for sealing
pUrposes.

Referring now to FIGS. 8,10,11,12 and 1 and 2, to
assemble the cooling system 10 shown 1n FIGS. 1 and 2 after
bobbin assemblies 100 (see FIG. 1) have been configured as
described above, manifolds 14a-14d are mounted to the bob-
bin assemblies (see FIGS. 8 and 10 specifically). Next, single
flow manifolds 16¢ and 164 are mounted to manifolds 14a-
144 (see F1G. 11) via bolts and so that the ports 64 (see FIG.
5¢) of manifold 16¢ open into the inlet ports 52 (see FI1G. 4¢)
of mamfolds 14a-14d and the ports 64 of manifold 164 open
into the output ports 56 (see FIG. 4¢) of manifolds 14a-144.

Continuing, referring to FIG. 12, modules 25 are mounted
to manmifolds 16a and 1656 with structures 75 recerved in
inlet/outlet ports 84 (see FIG. 65) and then manifolds 16a and
166 are mounted adjacent/above manifolds 16¢ and 16d.
Referring to FIGS. 1 and 2, link 27 1s mounted to adjacent
open ends of manifolds 165 and 16¢ thereby connecting pas-
sageways 80 and 63 via link passageway 90 (see also FIGS.
5¢, 6d and Tc).

Referring to FIGS. 1 and 2, in operation, liquid coolant 1s
directed along the path indicated by arrow 154 1nto mnput port
85 of single tflow mamifold 16a, flows through manifold 16a
and out multiple output ports 84 (see FIG. 11b), travels
through IGBT modules 25 to cool those modules, exits the
IGBT modules 235 to single flow manifold 165 via ports 84
(see FIG. 6b), then travels through manifold 165 out an output
port to link 27, to an input port 62 of single flow manifold 16c¢.
As shown 1n FIG. 2, coolant from single flow manifold 16c¢
teeds first passageways 46 (see FIG. 4d) of split flow mani-
tolds 14a-144d, then flows into and out of split flow tubes 124,
125, etc., back to second passageways 48 of split tlow mani-
folds 14a-14d (see FIG. 4e¢), and then to the single flow
manifold 164, from which the liqmd coolant exits from a
single port 62.

Referring now to FIGS. 13a-13¢, the second exemplary
inductor/cooling configuration 11 includes three inductor
coils 38 and a core assembly 168 as well as a cooling assem-
bly. The cooling assembly includes a separate bobbin assem-
bly 100 (e.g., end pieces 12a, 125 and separator plates 102
and 104) for each coil 38, first and second split flow manifolds
14a, 1456 and seals, screws, etc. Once assembled, two bobbin
end piece connection head portions 26 extend upward from
cach coil 38. Split flow manifolds 14a, 145 mount to the
bobbin end pieces (see FIG. 125) via bolts 150 for delivering
cooling liquid to the split flow tubes (e.g., the bobbin end
pieces 12a, 125, etc.). Although not labeled, bracket compo-
nents are shown for securing various system components
together.

Thus, 1t should be appreciated that a simple and relatively
inexpensive kit of parts has been described that can be used to
configure many different cooling system configurations to
cool various electronics and heat generating component con-
figurations. The kit includes parts that seal together using
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simple mechanical fasteners and therefore cooling configu-
rations can be constructed without requiring soldering and
welding skills.

Cooling kits such as the exemplary one described above
can be simply assembled and/or scaled to provide a system to
for cooling many other types and/or numbers of electrical
components. For example, bobbins 100 and split flow mani-
folds 14a and 145 have been shown 1n two different configu-
rations 10 and 11 above. The kit of components described
above may be configured 1n many other assemblies.

This has been a description of a preferred embodiment of
the mnvention. It will be apparent that various modifications
can be made without departing from the scope and spirit of the
invention, and these are intended to come within the scope of
the following claims.

We claim:

1. A modular cooling system comprising:

at least a first passageway forming member and a second

passageway lforming member, each of the first and sec-
ond passageway forming members having first and sec-
ond ends and forming at least one passageway and at
least one of an input port and an output port that opens
into the passageway;

the second passageway forming member including first

and second passageways, a bridge passageway adjacent
the second end of the second passageway forming mem-
ber that links the first and second passageways and an
inlet 1nto the first passageway and an outlet into the
second passageway, where the 1nlet and outlet are both
proximate the first end of the second forming member;
and

the first passageway forming member including at least one

connecting recess that opens into the first and second
passageways formed by the first passageway forming
member, the first end of the second passageway forming
member being receivable 1n the connecting recess, such
that the inlet and outlet of the second passageway form-
ing member open into the at least one passageway
formed by the first forming member when the first end of
the second passageway forming member 1s received 1n
the connecting recess.

2. The system of claim 1 wherein each of the first and
second passageway forming members also includes at least a
first plug 1sert secured to the second end of each passageway
forming member to block the at least one passageway at the
second end.

3. The system of claim 1 further including a plurality of
clastomeric seals and a plurality of mechanical fasteners, the
mechanical fasteners to mechanically fasten the first passage-
way forming member and the second passageway forming
member together; and

wherein the first passageway forming member mput port,

at least one of the plurality of elastomeric seals, and the
second passageway forming member output port are
arranged 1n substantial structural alignment with each
other such that the at least one of the plurality of elasto-
meric seals 1s positioned between and in substantial
contact with both the first passageway forming member
and the second passageway forming member to create a
sealed flow path between the first passageway forming
member input port and the second passageway forming
member output port.

4. The system of claim 1 wherein the first passageway
forming member includes a plurality of connecting recesses
that open 1nto the first and second passageways formed by the
first passageway forming member, and wherein each of the
connecting recesses can recerve a first end of a second pas-
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sageway forming member so that the inlet and outlet of the
received second passageway forming member opens into the
first and second passageways formed by the first passageway
forming member.

5. The system of claim 1 wherein at least a subset of the first
and second passageway forming members form a single pas-
sageway and include both an inlet and an outlet that open 1into
the single passageway.

6. The system of claim 1 wherein the passageways are
formed along lengths of the first and second passageway
forming members, and wherein the first and second passage-
way forming members include at least one of an 1nlet and an
outlet that opens through a side wall portion of at least one of
the first and second passageway forming members nto at
least one of the passageways.

7. The system of claim 1 wherein at least a subset of the first
and second passageway forming members include external
surfaces that form O-ring receiving channels for receiving at
least one of a plurality of elastomeric seals when the first and
second passageway forming members are secured together.

8. The system of claim 1 to cool at least one electrical
component, the electrical component including a coil having
a plurality of turns disposed over at least one of the first and
second passageway forming members.

9. The system of claim 1 wherein the first passageway
forming member includes a circular recess in the first external
surface and wherein the at least one elastomeric seal 1s placed
in the circular recess.

10. The system of claim 9 wherein the elastomeric seal
comprises an elastomeric O-ring.

11. The system of claim 1 wherein the first passageway
forming member includes first and second passageways.

12. The system of claim 11 wherein the inlet and outlet of
the second passageway forming member open into the first
and second passageways formed by the first forming member.

13. The system of claim 12 wherein the first forming mem-
ber includes an inlet that opens into the first passageway
formed by the first passageway forming member and an outlet
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that opens into the second passageway formed by the first
forming member, and wherein the first and second passage-
ways are completely separate.

14. The system of claim 13 wherein the first passageway
forming member includes first and second oppositely facing
surfaces, and wherein the inlet and outlet are formed 1n the
first surface and the connecting recess 1s formed 1n the second
surface.

15. The system of claim 1 wherein the first end forms a
cylindrical connection head portion through which the first
and second passageways pass.

16. A cooling system comprising:

a first passageway forming member including first and
second ends and at least one connecting recess that
opens 1nto first and second passageways formed by the
{irst passageway forming member; and

a second passageway forming member including first and
second ends and 1nlet and outlet ports proximate the first

end such that the first end, including an elastomeric seal
and the mnlet and outlet ports, 1s sealably insertable 1n and

removable from the at least one connecting recess,
where the inlet port opens into the first passageway and

the outlet port opens into the second passageway, and
where, when the first end 1s inserted in the at least one

connecting recess, the elastomeric seal 1s sandwiched
between and 1n substantial contact with both the first end
and the first passageway forming member.

17. The system of claim 16 wherein at least one of the first
and second passageway forming members are substantially
rectilinear 1n cross section.

18. The system of claim 16 further including a plurality of
mechanical fasteners to mechanically fasten the first forming,
member and the second forming member together.

19. The system of claim 16 wherein the second passageway
forming member includes first and second passageways, and
cach of the first and second passageway forming members
also includes at least a first plug msert secured to the second
end of each passageway forming member to block the first
and second passageways at the second end.
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